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Abstract

Electrostatic sensitivity tests were conducted on M52A3B1 primers using an electrostatic
discharge (ESD) gun to simulate human static discharge. The data were analysed by the
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Electrostatic Testing Of M52A3B1
Primers

1. Introduction
There is considerable concern within the Australian Defence Force (ADF)
regarding the inadvertent initiation of electroexplosive devices (EED's). To
address the specific problem of electrostatic initiation, MRL has commenced a
task the aim of which is to recommend a structured electrostatic discharge
protection policy. One of the milestones for this task requires the correlation of the
DC and electrostatic sensitivities of EED's.

The DC sensitivity of an EED is the more readily available parameter [1, 2].
Until recently there was no suitable method available for testing EED
vulnerability to human static discharge. The US uses the 25 kV test [3] for
assessing electrostatic sensitivity but ti-is test does not give an indication of the
0.1 % function level or of the no-fire threshold, nor does the test circuitry
accurately reproduce worst-case human discharge. We have adequately
reproduced human static discharge by using a commercially available electrostatic
simulator (the KeyTek ESD-1).

Here we will describe the results of sensitivity tests which were conducted on
M32A3B1 conducting composition primers. These primers are used in 20 mm
ammunition. Australian weapon systems employing this ammunition are the
Phalanx Close-In Weapon System (CIWS) as well as the F111C and F/A-ISA
aircraft cannon. The purpose of these tests was to determine the electrostatic no-
fire threshold voltage and energy for the priner. It would then be possible to
compare the electrostatic NFT energy with tLhe NFT energy for DC discharge.



2. Experimental

2.1 Materials

The M52A3131 primers wore provided by the Royal Australian Navy. The primers
provided had been filled into cartridge cases - see Figure 1. T1he projectiles and
propellant had been removed from the cartridge cases. The M52A3B1 primer
contains a combined priming and conducting mix which is based oin lead
styphnate, and acetylene black.

Figure 1: M52A3B1 primer and associated cartridge case. (Inert primer and bored
case).

2.2 Apparatus

2.2.1 ESD Simidiator and Accessories

A KeyTek ESD-1 simlulator was used inl COnljun1Ction with a DN-10 discharge
network, a H-T-10) hand adapter and a DT-4 tool Lip (Figure 2). Ground return to
the ESD-1 was provided by a GCL-1 lead. The MT-10, IDT-4 and DN-10
combination realistically sim ulates huminan static discharge via a hand-held metal
tool. This combination of hand and metal tool is widely conlsidered to be a worst-
case situation 14]. The ESID-1 was powered by a KeyTek PSC-1 supply (thle base of
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the E51l)-1 inI F-1ure 2). The DN- 10 poseiessvs a capa itantee of 151) ph and a
rt sisiat i o 3110 W.

Fiurv2: KcyTek ESD I etcdrostatic dischiargc 5ihtinhztor.

2.2.2 tvILchanirnt Apparatus

1:11te 1.10 I ebrnI asmbyws IMted Oil themotorised turntatili asis
depic ted :ji Figure 4. The elec.trode making electricalcontda with the primer pole
piotcv (f igure 5) %,d,, gold-pliatLed to provent corrosion during disch~arge- This gold.
plated electrode madde k 0ontJwt with the pole piece via a coss-cuL. spring probe and
receptacle. The probe1 and re eptacle %enr from RS components anid could be
ri-plot rd if they Suffered damlale from the eploCSiOnl of the primer I he turntable
'start' position v~as 55 mim from the 'stop' position, as measu red onl the turntable

r'r iphery. hion tho turntalei redt hed the 'stop' Position, a mic rosw~itt i hwas
at [ivated to sLOp (lte turntable d rie motor. The ipproad i speeid cli te elcetr do
to the Dl4 tilp oulId ke varied by thanging the Voltage setting of the ps)ve
suIppls I hC S,11110 VUllg' Setting Of 10) V Was use'd anld at this settingj thei drpYiCh
Spie d Wi', foundL '(1 lie 11n th11 ran)io 2 8 nun/s to 2.9 nim/s Thw test ojifijguralion
IS dcpi( ted Inl li,,iiri, o.
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Figure 3: Exploded view' of breech assembly and CT-2 curren t transformer-

-4;..

inFn

Figure 4: Al otorised tier n tble, sitth am I as5soiated power supply.
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Figure 5: Clo-e tip view of DT-4 tip and gold-Fla fed elctrode.

Figure 6: Overall viewo of E5D-I sinudiator and turnitable



2.3 I hnmurcs

The disch ar),g pulse through the gold-plated 'hwtrotde was momitored by a
Tektronix CT-2 t urrvit transfornii whit1 h hs a pulse ristiuim of about 0.5 IIs and

an insertion impedance of about 0A4 11 shuntcd by 5 4t. The output from the CT-2
wa relyd) to a Toktriux TEK 7844 oscifos ope (Figure 7) via a Tektronix No.
0114)59-O2 attenuator, rated at 50 Q1 and 2 W. This attenuator reduced the output
voltage of the CT-2 by a factor of ten.

The TEK 7844 oscilloscope utdiised the 7A19 vertita] amplifier. The vertical
bandwidth for this amplifier-oscilloscope combugation is 400 MHiz with a risetime
of 0.9 xs. The oscilloscope trace was captured by a Tektronix C-51 camera using
Polaro~d h67 ASA 3000 film. A Tektronix writing speed enhancer (WSEN) was
also used to pre-fog the film before discharge.

The entire discharge assembly was enclosed by a safety cabinet with
polycarbonate doors (Figure 8). The firing cabinet was lined with earthed
aiuminium fod to prevent inadvertent electruinagnetic pickup of the spark
discharg- by the oscilloscope. The fuirng cabinet was linked to an electrically
operated exhaust system (Figure 9).

Figure 7: TEK 7844 oscilloscope and C-51 camera.
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lIzgrr S. Safety firing box with foil si ding

I aSire '9- C 1S [if /f'01l~ I a t ll i the firuig box
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2.2.4 Resisutance Meai;rire'menlts

Primer resni~tnces were measured prior to) the ESD tests by ileans of a Valhalla
Scientific 4314AN Digital igniter Tester. Measurements were t onducted behind a
safety screen.

2.3 Firing Procedure

An initial measurement was niade of the primer resistance before the cartridgo
case was inserted into the breech block (see section 2-2-4). After the cartridge case
was inserted into the breech block a second resistance measurement was made
between the outer surface of the breech block and the gold-plated electrode, This
second measurement was performed to Lest for electrical continuity.

Upon activation, the turntable brought the gold-plated electrode to a distance of
I mm from the V)T discharge electrode, System alignment was checked at this
point. The turnitable was returned to the startuig position The ESD-I wvas
energised and the hring box shut. The turntable was then activated again and it
mnoved. the gold-plated electrode to the discharge position. The dis. arge gap
iricreased with increasing discharge voltage.

All the firings we-e conducted within the firing cabinet. lIn the event of 't 'nlo-fire,
(hie primer was disposed of by firing at anl elevated voltage. This voltage Was
gonierallN 15 WV. The exhaust sstemn %as used to thorc'aghly clear the firing,
cablinet of fuues after each firing)

2.4 Bruceton 1,51 Procedure

Primers were fired at 2 kilovolt intervals. Ani estimate was first mnade of the, 50 %
fun tion level. A primeor was then subjecte'd to this VOltageV [ IL' prinwr j-iredL
then further primlers wvre tested at suc(essively lower voltaeVS unltil a '11n-fireO
occurred. Ifa 'no- fire' occurred primers were tested at suceLVs.sixl' hligher
voltagevs until a 'fire' was recorded. This procedure Was repea.ted ill ail 'Lilldown,
(ashion for 20 shots

2.5 Rundown Procedure

The rundown test consisted of firing separate lots of primers at pre-aissigni-d
voitages. T he voltage utt.rvol was c~tiniated fromi the Bru~edon re~sults. A ro'tord
was, made of ilhe nunmber of 'fires' as vell as ,jio-fires' whic h occ urre-d inl eath lot.
Thi, informiation was then u!sed to estimiate distribution paraneters. Tilt- data
were dsse'sed either by the prol-it 15,61 mnethod, the ANICR ["I inicthod, or 11N the,
ILogit mlet hod [6). Thr loit-i'LoJ iN. slinilar to thet probit mvio'hd buLt u.1es. a
logistic function instead of a nornmal distribution function.
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3. Results and Discussion

3.1 B~ruceton Procedure

The results of the Bruceton firings are lWsed in Table 1. StatISUL41a ai dlySIS Wad

( 01duted11)uicns fa prvgranl written by one of the muthors [8]. Tile analysis
indicated that the 50) % function level was 3.8 WV. The log mean and standard
deviation were 3.5581 and 0.1410, respectively. The Briweton procedure had blen
onidudted in termns of constant voltage Hincrements. The Bruceton ainalysis was

con1ducted on tile assumption that the voltage sen-sitivities wort- log-normally
distributed.

3.2 Rundown Procedure

The firing data from the rundown procedure are tabulated In Tables 2 1-) 10. These
data wvre anadlysid by using software packages writteni at MIFL. [9,10]. As
indic ated IIn Table 5 and Table 6, additional firings were conducted at a voltage of

4.2 kV. Tliese additional firings improved thev probit and aogil fit%.

3.2 1'robi7lj A nalysis

A\ PrObitalyi uf the results vv&s undertaken b, n14 ans of the softwvare- in1 [9
The lo ,'aritlsm of the, voltage was used as the random variable. Figure 10 is a Ho!Lt
iof the loga,,rithmus of the( vultag('s agaiinst th, (Imnptrit a] prob;Is for this aavi.A
strajight li ne fit to 11w data is possible. The rosu Its of the ana lysis imly hr found InI
Tfable 11. The important results are that thle 0.1 % full, tioin level and nlo-fire
threIshld 0 es tuias are 11V12 V and 799 V, ri1.pec tivelIY . By assuminiii that all [Ow
veirgy stored inI the d ischargi' network's 4 apa iter Is releas ed Ink- dith primer. it i'-

pi'sSibli. to esti mal(' thel 0.1 % FL andL N FT enerigies as 98 piJ iind 48 p icsjpcc~i\ ul

61

5*

3
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Figure 10. Plot o /log zyoltage5 q~atnst empirical probiis. 7 he straight line i5 the probit

regre-ssion line.
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3.2.2 AMCR Analysis

The A.MCR an mtl%%is was, onduted by mohants of tle softwaro dvveleped in [9).

'l,( AMC[ analysis indicated a ,nian of 6.04 kV with a standard devi,,t io of
2.A4l kV. If these values are taken as ipproxiniations lo the population ,me'an aod
standard deviation thcn thv 0.1% function level is -0.27 kV. This result r., clearly
physically impossible.

3.2.3 Logit Analysis

A Iogit analysis of the result'; was tonducted using software written by one of the
authors 110]. The logarithm of the voltage was used as the random variable. A
plot of logarithmic voltage against empirical logit is displayed in Figure 11. The
0.1 % function level estimate was 781 V. Assuming that the .1 % FL is normally
distributed, the NFr was calculated as 477 V (95% single-sided confident ce
intervl). The 0.1% FL and NFT energies ,were therefore 46 .tJ and 17 ti.
respectively

0

- 5 !

O f -- ~ - - - - - -- --4 1 - -F --

33 3.5 37 39 41

-13€

-4

Log V

tigure 11: Plot of log ,olag4o.; agalinst en'Itru ij logits lhe sir.g h , -" I/[?I[
rc' rcs5sh' line

3.2.4 (hi-.,,qire(d Test

Chi.squared analyses were t onducted on the prohit and logit r-sults. Fur iic iobii
anahsis a chi-squarcd %aluc of xl 3.918 was found. This valLih is txt vtedid ill .11%
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A probit, Line which gives a hli-squ ared value tttrl-replnd il og to al percentadge less
than, 5% is .otisidered ai poor fit and is not the true relationship betweven
percentadge fired and (iogarithanic) vo!lage [51. Wt, conclude that the probit liilt'
relating tile logirithmis of the voltages to the emnpirical probit-; is a good fit.
Similarly, anl analysis was conducted of the logit results. Thev chi-squared valve
was X2= 3.62 which is exceeded in 46% of , sesS. This high percentage indicates
that thle lofgit line is also d good fit to the observed firing- data.

3.3 Comparison of Test Methods

Ini the probit analysis of section 31.2.1 it was issumed that the logarithms of thet
volt(t'e bensitivities were normally distributed. This was also assumed for the
Bruceton anaiysis. The Brucetoti method was useful for obtaining rough estimates
of the 50% fire level and the level spacing. Thiese initial estimates were used as a
basis for the rundown procedure.

Thevre is no reason for favourine the results of either tIN, logit or thle problit tests
onl the basis of the chi-squared anialyses. There is obviously a discrepanlcy betweenl
the two methods %vith respect to the dt'terinined 0.1 % furt tin levels and no-fire
thresholds. This 'Iiscrepanc) is una idabdlelI bek ansO, a tho0u glk both thle prohit a.i-i
logoi miethods provide a good fit to thc observed data, the threshold voltage
values are obtained by extrapolation 1lii' etrapolation t es- u nt ertatiAn in thet
0.1% FL and NFT' determinations.

3.4 Comprrison with DC Firing Levels

Ini svt tens 3.2.1 anJ 1.2.3 the N FT ioergv (0.1 % FL., 951 ionfidoninv interval) w.is
estimatjed as 48 piJ and 17 4.j, respet ively. The N FT for DC iintiaitl.i1 (11.1% FL1,
93% confidenice intiervali) is quoted i jI'l) a% 2.2 p) andl in [11 1s 3 4i.

lI Iw ever, it inust b e reimeminbere d I.h -i no at tiiu nit has 'it n taken of ( thi '4[et is
of the series resstance of the disehaqr(i' network. Suiim* of tho aivaiiablv tnei)gv t,1
theit stora,i't- p ittor k.i IIVll Ie diS Ipate~d kw the IrIetsistat .. , redui it ) the onreyg
d.ischargedi into the primer. The magnituide iii this lost oniergv% is ifiit tionl o4 Ow,

p rimer resistancite and this is expeo ted to, %arv after distl largvi. coimnies and
prier to initiation. Seime of the, aii1,iv inrj1 ' is ls dissipajted in Ihv' spark
resistain v'.

3.5 Analysis of CR0 Traces

Rj't'enat~'photoe1 'raipll If th" (N) Irat t-s iii1 b.' I-'Liiid III lig)i n I 12 Fntie

analysis of tlit CR0 trat is it (01111. fin L (~ h ( thepls. Width 0110es t,: ,l1it

t).l Ins whit h is less than- 01.1 Uitn tilt, dieriiial tiwc t tenst,int of [lit N52A3B1
primer ( IN) ps 1111). 1 his mneans %ek are- usti'fie'd in) L I'i v n' enr (ratheir tlteii
the power) ito% hajrat 'wrist, these- primer%. (I l- thermnal tiiii' t nst iti , harat ttrist's
tIi tiperaturi' rise of the LLD mn apple itieii of an elet tIn, al stuilus).
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(a)

(I)

ligifre 72: Rp1;,,'>u'tth,'e pliotographs of CRO traces. The resistariccs are the printer
rcistances nicasured before inserijon of the cartridge case in the breech block. The

oltuge5 ,re Ht test voltages (a.) Resistancc = 20.4 kM2. Voltage = I kV
(b) Resistaice = 22.3 kO. Voltage = 2 6 kV. (c) Resistance = 27.5 k.
Voltage = 3.4 k V. (d) Rcsiftace = 6.5 kU2 Voltage = 4.2 kV

(e) Resistamc = 57 5 k. Voltage 5 8 kV. (J) Re sistunce = 30.8 kil.
Voltage 7.4 k V. (g) Resistance = 23.2 W2. Voltage = 9 kV.
(h) Resistanc e= 15.4 kW. Voltage -0.6 kV.

18



(c)

(d)

Figu~re 12 (Coutd): Representative photographs of/CRC traces. The rcsistances arc thec
primer resis tan ces measitred before in sertion of the cart ridge Cast, or thc brec h block. Thc
voltages are the test voltages. (a) Resistance =20.4 W~. Voltage = I k V.
(b) Resistance =22.3 kil. Voltage 2-6 kV. (c) Resistance 2 -.5 kU.
Voltage 3.4 k V. (d) Rcesistarce 6.5 kC2. Volhage =4.2 k 1.
(e) Resistance =57.5 K2. Vo/loge 5.8 WV (P Resistance =30.8 W2.
Voltage =7.4 k V. (g) Res'stance =23.2 WL. Voltage =9 k V.
(hi) Rcsiztance = 15.4 k~l. Voltage = 10.6 WV

19



(e)

Figure 12 (Contd): <epresentative photographs of CRO traces. Ther resistances are the
primer resistances measured bcjore insertion of the cartridge case in the breech block. The
voltages arc the lest voltages. (a) Resistance = 20.4 kW. Voltage = I k V.
(b) Resistance = 22.3 kil. Voltage = 2.6 kV, (c) Resistance = 27.5 kQ.
Voltage = 3.4 kV (d) Rcsistancr = 6.5 kQ. Voltage = 4.2 kV.
(e) Rcsistance = 57.5 l. Voltage = 5.8 k V (,0 Resistance = 30.8 kil.
Voltugc = 7.4 kV. (g) Reststanrc - 23,2 kW. Voltage= 9kV.
(h) Res.;tancc = 15.4 kW. Voltage = 10.6 kV.

20



(g)

(h)

Figurie 12 (Coutd): Representative photograplis of CR0 traces. Thc resistance's are the
primer resistances nteasiured before inserition of the cart ridge case in lte bireech block~ The
vottagcs are tihe test voltages. (a) Resistance = 20.4 MQ. Voltage =I WV
(b) Rcststane= 22.3 W5.. Voltage = 2.6 kV. (-,) Resistance =27.5 kQ2.
Voltage = 3.4 k V. (d) Resistance = 6.5 A2. Voltage = 4.2 WV
(e) Resistance = 57.5 Mg. Voltage =5.8 k V. (J) Resistance =30. 8 42.
Voltage = 7.4 k V. (g) Resistance =23.2 kQ1. Voltage 9k V.
(h) Resistancec- 15.4 kQ. Voltage 10.6 WV
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4. Conclusions and Recommaendations

We have successfully concluded a series of firings and anb!yses to dleterwinet the
electrostatic discharge characteristics of the M52A3E1 primer. The Bruceton,
probit, logit and AMCR methods have been used to analyse the data. The probit
and logit analyses yielded the most realistic results and the results of these
analyses will be quoted here. The emphasis has been on safety. The probit an'Alysis
predicts that the voltage 0 1 % function level estimate and nu-fire threshold (using
a single-sided 95% confidence interval) are 1142 V and 799 V respectively- The
corresponding values for the logit analysis are 781 V and 477 V. The 0.1% FL and
NFT energy were estimated as 98 pJ and 48 jaJ by probit analysis. The
corresponding values for the logit analysis arc 46 pJ and 17 A) . By comparisonk the
NFT for DC initiation has been quoted as 2.2 g]i or 5 p3.

We have, however, tak~en no account of the series resistance of the discharge
network mn determinuig the energy input to the primer. Taking this into account
wcould reduce the obtained NFT1 values. It would be useful if the voltage across
the primer could be measured directly as a function of time. Even without a
precise knowledf~e of the energy input to the primer, the results obtained in this
work are useful in determining the hazard level of the M52A331 primer (in terms
of discharge voltage). This is because the data in this report have been obtained
from a Es mulator which replicates actual human discharge. Further, this discharge
,iw been desigie,4 to reproduce what is considered a worst-case scenario
involving discharge fromi a hand-held mietal object.

It would ilso be useful if future work could be conducted to elucidate the effocts
of factors such as temiperature, humnidity and barometric pressure on the
d isi ha rge.

Another important factor is the approach speed of the electrode bearing the
electrostatic charge. It has been shown (13j that a correlation exists betwen
electrode approach speed and the rising slope of the discharge puke; T1 -,
phenomenon requires further investigation in the context of this work. I is
relevant becaduse, in practice, there will be a variation in the approach sr ed of eg
a person's hind to the ordnance under ESD threat.

The different values obtained for the 0.1 % FL anid N'T when they, a re CJalcula]dted
by different methods is also a problem that requires further investigation.
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Table 1: Results of Bri dton firins ,for M52A331 pimcs

'I onperatmro: .13 C. -Olatiw, I tumidity: 17%

Nho Pi ilflr l-",t, . Rl, iR."n'Is , I ct Vol og

(kW) (k2)V

1 16.84 5 NF
2 57.7 o7.0 7 NF
3 21.1 21 6 q F
4 29o6 28.4 7 F
5 16.2 161 5 NF
0 77.2 77.3 7 F
7 11.3 11.3 5 F
8 20.1 20.5 3 NF
9 2.1 2.3 5 t-
lo 34 9 337 3 NF
1i 41 5 277 5 F
12 42 5 41 0 3 F
13 48 4.8 1 NF
14 18 0 178 3 NF

15 40l) 465 5 F
1' 2s -7 28 5 3 F
17 10 3 10 1 NF
1 23 1 23.5 3 NF
1 31 1 327 5 F
20 200 10 3 NF

Table 2: R, ' do -; test '= '.0 k

First 2 shots- lur, reratur': 32.5-C, Reltive huinidiiy: 32%.
Oih,,r ,hot%,: Fmpor.At1u r., 29"'C, [.Ot, ye hn1L,.itv: 32%.

(kl.2) (kuZ)

1 15.') NF
_" l1 l 1 NF

3 14 1 1.2 NF
4 1-t 14.3 NF

552 NF
6 13.2 13.2 NF
7 13 1 128 NF

20. -1 17(, NF
', 10 5 104 NJF

y 33 S NF
11 118 87 NF
12 83 7.2 NF

13 132 53 NF
1. 11 9u N F
15 88 77 NF

17 23.o 21.7 NF
18 1 .3 11.8 NF
19 24 9 25.0 NF
20 24( 150 NF
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eribl' 3: Rtinrdown I'st V= 2. t, k '

' Iia.oLur o: V. ( l Iiti\ I- humlidLtyL 52%.

Shot No. Prinwr Rlsist nc' Rig Rw,.islnI RC5suh

(k,) (kQ)

l l1 1(0 F
2 835 739 NF
1 17 123 F
4 11 3 7.8 NF
5 24.7 23.5 NF
?, 3919 39 9 NF

5. 58 NF
8 13.7 14.3 NF
9 42.0 47.7 NF

10 84 7.9 NF
11 67 5.2 NF
12 167 20.1 NF
13 31 2 27.3 NF
1-4 30 ( 26.9 NF
15 22 3 22.2 NP
h .4 9 53.5 NF
17 27 4 29.6 NF
18 I. 3 10", NF
1"1 1 l 20 5 NF
21 580 5.5 NF

-aile 4: Rrim rc;: tc't k = 3 4 k V

l~mer~lur: ¢(,Rvlati~o hunudlty: 29%.

tkil)(kuJ

l "< o "11 NF
- ,88 214 NF

f 4 1NF
4 '.2 7

u
NF

209$ 151 2 F
353 353 NF

750 1.17 NF
,' 91 9i-)t1 F

,2, 1178 NF
1I' 12i, 125 NF
11 102 189 NF
12 132 12t, F
1 177 2> 1 NF
14 27 2 NF
1"5 1S 17 u NF

1, 22 4 22 1 NF
17 21 0l 2111 F

is 5.9 5.7 NF
19 7.4 7.2 NF
20 13 Q 13.8 NF
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lIIble 5: Rundow'n test V= 4.2 kV (i itial 20 sots)

lenl'm praltr,: 29'C, RevlAiwvk hurnidity: 40'.

Shot No, Primer l. Slstan:t, Rt ), Reiston Rosult
(k£u) (kl2)"

1 31.7 31 4 NF
2 o. 5 r -F
3133 133 F
4 21 4 21 9
5 130-3 130.3 F

285 35 F
7 36.8 4 0 F

384 1.7 F
9 t2 20 NF
10 8.8 44 NF
11 28o 1.8 F
12 12.5 67 F
13 534 80 F
14 147 147 F
15 15.1 125 F
16 104 3 5 F
17 182 37 F
18 17.9 78 }:
1'' 146 3.1 1.l:
20 148 14.8 F

Table 6: Rtundott tcst V = 4.2 k V (second !ol Lj 20 s/rots)

1Omlpratu ri: 12"C Rlitivi, Jumidity: 44%

(N", Primol r Ro,ill, t . Pn, [1" Reb Istal', I " I, "t

(kfo) (kil) *

1 54 52F
2 151I 15.1 NF

3 50 5oN F
19.4 19- F

5 157 154 F
7.4 72 F

192 18) F
8 151 15.3 NF

u2570 214 -

1t 96 7b9 F
11 200 200 N0
12 12 3 124 N-
1 Ie25 lt3 1 F
14 24L 2.1 ) NF
15 61 5 61.5 NF
It, 1)4 10 4 NF
17 117.) 1178 F
18 96 97 NF
19 40.2 401 F
20 15.0 13 2 NF
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'lIaI'e 7: Runtlt t ,st = 5.8 kV

1empertu re: 29 C, Rlitive humidiLv: 40%

N;h, , Primer PeI stdaih lil' IP ,-l .t,' ,,

(kil) (kIkiI)

1 141' 14 -F
2 103 It) 2 F
3 11 117 F
4 10o (). NI

84 8.5
6 4 3 3t t

7 16.9 O F
8 100 k.o F

9 2o6.0 263.0 NF
10 19.9 1 ()
11 20 t, 21, F
12 13 2 13 0 r
13 17 7 4-, F

14 3u 50 F
15 575 30 F
1( 21 1 1 0 1
17 1u5 37 F
18 22 3 1 - F4

19 124 0.t0 NF
21 It' 10 N1

li1b1" 8: Runtoen l'- "= 7.4 k

Fr the first 8 shot%: Ilporature: 21 C, Relatiit, huniid it: 40'%

For the ethe'r shots- Temperature: I, C, Rcilati, - humidity: I ,10,

(ktu)(h4 L P m e 8' 1, m . t " '"'"li', !

2 1 2
3 1 1 17r I.

4 1 N. 0
S 7 1 70

1 , Ii , ,ql

8 44 9 4." 1F
9 9t8 7 I F
10l 8.7 87 ,"i
I1 34.5 3, 1 F

12 9h 5I.,
13 12 ( I ']

14 184 ]'14 F
15 .438 4 5 F
I' o' tI F
-7 27

20 19 2 17 F

27



Table 9: Rumfom'; test V 9.0 k V

Tempra~tu rv. 33"C', RelIatiC h LI d it% 0v;

Shout No i 'F iI Wi "'Ist,111 ,C i~ig .6f,. i'wN,u It

1 17 7 NI
21706 160
399 102

4 4931 47.6
5 3.;5 359

7 72 7.21
7 85.0 84.51
R 17 2 1 ' 2
9 2 36 22.9

10 6 h 67 V
11 1260 12.6
12 23 2 23.4
13 12 3 12 2
14 212 22 .5
15 236( 2315
16 84 8-
17 IS 6 17.7
18 447 4,.1 1
1') 27 1 27 11
21) 1 ": I I I!

Table 10: houIi ,l V = IC t, k V

'Iemperature: 3.1(C, ReIM1v-C hujiib

Shut No~ P rivivr I\csitflct !\'g 6.iicI''uI

77

m 64.1 7i

I I ) 1

122~ 7

26 7 2' A I

17 Oj 12 1
12 1 2 1 S

pI ()7 It)

2o)7 7.2

'Ilic rig rcsi.,tancc %V,11 1mCa11Uirc aflur flic tcartrid,, Ica-d was, iriscrictl intc tiw brucch
block. Sec sci~wn 2.3 f(U LICUla,
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Table 11: Prolrit imalysis restt assuinn Oto voltage !w'?lit!'iti is Icg-rrortyla1y
distribid ed

LAogo rathwinc Voltutge Mi,- 3u20

Logarithnmrc Voltage Standard Dvviit ion 0 0182

Voltan'e 0.1% Function Lvvl Estiiroto 1142 V

Voltdge No. Firt Threshold E-stirato (0V 1 95% Confidonci') 7199 v

Tazble 12. Logri analysis rL'sIlts assurning the voliage s5mtivity is fog-logisticoily
distributed

Lkigarr iic Vol iag; Mean 3i 61

VuItap1 t' (1 , Fonktici Ltvel ELt ,irr7S 1 t V

Voklp No jwTh,-hod r.,jtw il 11,- 1 -7 1
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